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Protensioninc: syston of prostr:ssGd. concrete is cor^,only 
used in the precost prestross concrete industry. Adcf.iineting trend 
hos developed in the recent yorrs tcwerds the use of pre stressing strands. 

Generally, concrete is prestressed by using a nuiieer oi 
strands or wires. Tne bond between the strand or ivire end concrete is 
likely to v^ry depending on the method of construction and the size and 
number of strands. In the present investigation, a study has been carried 
out under pulsating loads for strands vhioh ha^o developec^ a partial 
bond. The study has been done on a seven-vare strano, of 6.35 rm diamv. 

Pull-out tests v«re carried out to ^tudy the bond strength 
of the stra d under tension vath variable embedment lengths. For this, 
three sets of specimens with different embedment lengths, viexc tested. 

For studying the band behaviour under pu slating loads, rests 

c->+=; of beams vAsro tested under 
on hinged beams were performed. Ihxoe sets ot 

static and pulsating loads. One of the sets was provided vath a 
secondary anchorage device. This device consistec’ of a washer and a 

nut welded to the free eixl cf the strand. 

The secondary anchorage system iraprcvad the bond-cum- 
anchorage behaviour of the strand under pulsating loads and could be used 
to mi^ze further det|oration of load carrying capacity of such a beam. 
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CH.^TER ~ I 

GEMH^rlL INH^CDUCTICM PFiCBLEM STATEMH-IT 
l.lt IHIRCDUCnOM ; 

.'■.'iulti-mre high tensile steel strands are being used 
in prestressed concrete fccr various purposes. Strands consisting 
of tw, three and seven-id.re are being utilised in the construction 
of pretensioned prestressed concrete beams, electric poles, railway 
slosPe^rs etc. 

Some of the advantages of 'strands as compared to plain 
high tensile steel T'lres are as follov^s; 

(l ) In case of strand, HTS wires are standed together to 

form a strand. Tine helical wave formation thus obtained on the 
surface of the strand results in higher bond betvveen concrete arrf 
the strand as compared to plain HTS v/ire of equal diameter. Thus 
the former reduces the bond length. 

(2) The number of tvires to bs handled to give the same 

prestressing force is less, thus giving some eccanomy idnile prs— 
stressing, 

(3 ) The ultimate stEength of strands would be more as ccmpared 

to plain HTS wire of same' diameter as the former consist of a number 
of smaller diameter HTS ivires. The strength of onall ivires drawn 
from the sane material is higher than the larger diameter wires. 



1 ” PRCT^ER-TIE S of 6.3: '' iX -1 ( 1/4 inch) S EV EM-WIRE STRAND : 

1.2a r M^JffACTURE; 

High tansilo I'cd is tho raw material fcr tho jnanuf&ctairo of 
i-'TS wire and strands, 'die HTS mv:s ove cold draivn from tha rod am 
smaller diameter wires of very hioh tensile strength rcoe used for making 
strands. Har; manufacturing process of strands involves follcwing steps; 



1.2.2 s CHaCC iOL COM POSIT IQ^f AMP SPECIF K A TI OHS ; 

IlTe appi'oxi mate chemical conpositicn of high tensile steel 
wires, of nhich the strands are nsade, are (l ) 

Carbon. - 0.60 to O.OOJlJ Manganese - 0,50 to 0.90^ 

Silicon - 0.10 to 0 , 35 % S.ilphH± - O.CO;' maxinun, 

Phosphorus - O.Cr'7% maximum. 

T!ia specif icati;Tn of seven-wire strand es per A3TM416 -74'X2 ), 


is given in Table - 1.1 












TABLE 1. 1? SPEC IF ICATIOt OF SEVEM-WIRE 6.35 mm dia.STBiWD 


(Nominal » Nominal area 1 Breaking 
I diameter i of strand I Strength 


> ilnch. ' rran | mr?” "j inclv^^ | lbs J IcM j 
it” - ^ 

Standard ; I /4 6.3n 23.22 0.036 9000 40.82 12JZ^ ~ 16^ 


Fitch 

(j?; is ciia. of 
starand ) 


ASTM,''4 
416-74 
Grade - 
250 


, 1 


! Minimum load at 1 Minimum % ' 

Dif f ea^enco 

r 1% extonsion « olonqcti on in 

Centre wix' 

5 ’,24 inch(30:..0nTi} ■ 

t ^ ’ 

* J 

cuter wire 

f lbs 1 kN 1 ' 

inch j 


',7650 34.70 


0.001 


nr.i_ 

0.025 


1,3'. LIVE L OADS; 

Tlie self weight of the structure and any other load v^hich 
is fixed in position and magnitude is knoi'jn as dead lead. Any lead 
v.hosG application and release occurs from time to time is the live 
load. Since live load is a time dependent jdiencmenon and random in 
nature, the exact probability of occurance and manqitudo can not be 
predicted. Livel-oad c?.n be applied -in a repeated cyclic manner causing 
elastic and plastic sti'ains of alternate sense or of same sense. 
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1,4 OJER 10,0 CQTDITIONS s 

Live loads Ectino cn the structure are usually ccrssidered as 
deterministic in design, though the actual occurence and rnarnitude of such 
loads are not exactly knom to the designer. 

V’ind velocity reaches different peak values in different time 
intervals. Since velocity of vind is preporticnal to the forces exerted 
by ivind on a structure, higher velocity would mean higher load ccmpared 
to the expected maximum load and these higher loads can be terraecl as 
overloads. Similar loads may be introduced due to earthquakes. 

A structure is thus said to be overloaded i,^hen the str-ess lei'^el 
at any point of the structure increases beyond the normal permissible 
stress level due to loads, other than the normal working loads. 

To design a structure to an exact load pattern is not possible 
in a deterministic design. Hence, a proper 'idealisation and a selection 
of design load h?s to be done. A typical load characteristic curve 
is shovxi in Fig. 1. 1. 

A particular load frequency may be idealized either by static 
criteria or by energy criteria. An approximate typical idealized load 
frequency is shovn in Fig. 1.2. It i s clear from the figure that 
different peak loads occur in different time intervals during the lifespan 
of a st:-ucture. . From the study of the frequency of different peak loads 
#iich are likely to occur during this lifespan of the structure, normal, 
load is to be selected such that it vail neither fail in its lifespan 
due to these unexpected overloads nor be overdesigned. For exariiple. 
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referring to Fig. 1.2, if level *A’ taken as the normal design 
lead, then the structure vail be called over designed because the 
occurgUicc- of such lead rney be one in a million. In that case, the 
structure is very much understressed alncst thraighout its lifespan, 
itien lead 'C’ is chosen as the normal design lead, the structure may 
suffer from serious damage or say collapse vhen the peak load level 
'A* acts on the structure durirg its lifespan. Hence a design load 
*B* may be sdected such that it lyill be able to vdthstand the heavy 
stresses cacc- ’ by the load level 'A* in its life period and at the 
same time rill not be overdesigned. Ihe load corresponding to load 
level ’A' may be termed as overlaad. Since the permissible stresses 
are not exceeded in case- of load level ’B', it is selected as the 
design load. Thus a normal design load is that load at vinich full 
stresses are permitted in the v^orking stress, or full load factors 
are applied in the ultimate load design. 

1.5 i COMCSPT OF BOHD ACTIO!! -.'.H PRESIBE5SED GQIGREIE s 
1.5.1 g Nature of Bond t 

Bond in pretensicsied concrete I3eams is of two types viz. 
and flexural Bond. 

transfer bond Transfer bend utilizes a part of the available taasile 
strength of the steel to establish' compression in the concrete. 
Flexural bond results from the acticn of external loads , 6n beams. 

After cracking, the increase in steel stress above effective pfestress 
develops flexural bond stress betv/een the steel and the concrete. 



QVOl OVOl 


I 



I 



2<i So S-? 

Time in years 

Life expectancy of the 
structure 


i 

too 

-Tf 


Fig. 1*1. Typical Load Characteristics 



Life expectancy of the 
structure 


Fig* 1.2 Idealised Load Qiaracteristics 
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The sum of the lengths required fox transfer bend and flexural bend 
is called die develcpraent length or tetaj bond length* 

1 .5.2 s Transfer Bond '? 

Transfer bond exists near the free ends of the wires after 
the load in the tensioned strand has been transfered to the concrete 
member. The length over vihich this transfer of pre, stress 'is made is 
termed as transfer bend length and depends chidfly on amount of 
prestress, surface condition of the strand, the strength of concrete 
and the method of steel stress release. The factors contributing to. 
bond performancG are adhesion, friction and mechanical resistance 
between concrete and steel. In the transfer zone, reduction in the 
tensile strain of the steel does not equal the compressive strain in 
the concrete at the same point. There is a relative movement of 
steel and concrete and accordingly adhesion cannot contribute to 
prestrass transfer. Fricticn is considered to bo the principal 
causing stress transfer from pretensioning steel to concrete. As the 
tension in the strand is res>leased, the strand diameter tends to incx'ease 
thus producing high radial pressure against the concrete, vJiich in turn 
produces high frictional resistance in the transfer zone. f«‘iechanical 
resistance probably contributes little to prestress transfer in 
the case of -individual -smooth vdreSjLjut it may be a factor of 
some significance in the ensoof a strand. 
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1.5.3 ? FLBMJRE B»ID ; 

According to Hstison and Kaar(3 ), flexural bond of significant 
nagnitude exists only after the ccntrete beam has been leaded till 
cracking, l-han the concrete cracks, the bond stress in the immediate 
vicinity of the cracks rises to some limiting stress, slip occurs 
over a small portion of the strand length adjacent to the cracks, 
and the bond stress near the cracks is reduced to a low value. Vdth 
continued increase in load, the high bend stress progresses as a 
wave from th^ original cracks toward the bean ends. The bend stress 
remaining behind the wave is always lower than the maxinom value at 
the peak of the bond stress ivave. If the peak of the high bond stress 
reaches the prestress transfer zene, the increase in steel stress 
resulting from the bond slip decreases the strand diameter, reduces 
the frictional bond resistance, and precipitates general bond slip. 
Follomng loss of frictional resistance, mechanical resistance is 
the only factor v'hich can contribute to bond betvjeen concrete and 
steel. If the bean is prestressed v/ith a clean smooth vare, this 
resistance will be snail and the beam will quickly collapse after 
general slip has occured. If the beara is prestressed with a strand, 
the helical shape of the individual vdres will provide sufficient 
mechanical resistance and -the beam can support additional bond even 
after slip of strand at the beam ends. 



9 


1.6 s LITERArjRE RB/IEW ? 

Tne affectivenss cf pre-tensioned prestxessed concxe'fee 
depends on the borrf batvfoen the steel and concxete. This v.’BS B. 
natter cf concern from tlie begining and in the first large scale 
production of pretensioned prestressed concrete meiTibers in 1939. 

Hie generally accepted view on this natter during the 
Gerties was that only mres up to Sian, diameter could be anchored 
by bond. However, extensive development length tests of preten- 
sioned prestressed concrete railroad ties at during the same period 
deincnstratad mat adequate anchorage could be obtained by bond 
even for 5 mm. diameter vdres. It is, of course, economically 
advantageous to use as large a size of Individual tensioned elajient 
as possible. 

A great step forward in this direction was the introduction 
of the use of seven-mre strand in place cf smooth wires. The idea 
was first experimented with, by B.J. Baskin (4), for bond, with 
success. Thus progressively larger sizes of seven-wire strands 
were used . . 

Since the bond study by Hoyer in 1939, many investigators 
(3, 5, 6, 7,8,9) workeci on the intei^'ion between high tensile steel 
and concrete. Their work involved some of the factors, given below, 
on viiich -Oie development length depends. 

a) Type of steel, e.g., wire, strand. 

b ) Steel size (dia. ) 

c) Level of stress in steel. 
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d) Surface condition of steel -• clean, oiled, 3 Eajsted. 

9 ) CcncretG strength 

f ) Type of loading, e.g*, static, repeated, impact. 

g ) Type cf release, e.g., gradual, sudden. 

h) Confining reinforcement around steel, e.g., helix or 
stirrups. 

i) Time - dependent effect. 

j } Consolidation and consistoncyof concrete around steel. 

k ) Anount of concrete coverage around steel. 

Investigations by Janney (5,6) and by Hanson 8, Kaar (3 ) 
describe, in detail, tv;o aspects of bond betiveen pirestressing steel 
and concrete. The prestressing force is transferred to the concrete 
by anchorage of steel over a certain distance from the ends of a 
member. Iho mechanism vhich provides this anchorage is knoim as 
transfer bond, and is primarily due to friction confoined vdidi the 
Pois sons’effect, or lateral spelling of steal in the transfer zone. 
Flejcural bend is ci means by I'hich the increased steel stress due to 
applied load is achieved, ''hile the nature and distribution of those 
mechanisms are not clearly understood, the . stresses due to flexural 
bond requirements, v.ere found by Janney. do progress in a wave towards 
the end of a prestressed meiAer. 1-hen short span mcaitoers are subj ectec’ 
to overloais, the flexural bond stress ivave may invade the transfer 
region, precipitating loss of tendon anchorsge at the ends of the 
member. This phenomenon, teimed as''general bond failure" by earlier 
investigatorsjdoes .not necessarily result in collapse of the raenher. 
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although it is apparent that its ability tc stand additional load 
is qu'esticnabla. 

In the past, work has been dcno tc study the beha^^icur of 

pulsating 

prestressed concrete beams undsr ' / ■ loads.* This v! 3 S to see the 
behaviour cf tho beam v.ath respect to ultimate capacity, cumulative 
deflection and cr?ick propt-gation. Not much work has been ^one to see 
the effect of pulsating loads on the bold behsT iour of strands 
exclusively. 

1,7 s SCOPE OF P^aSTIGATia'I PHCBLEM StATEMEMT t 

Tnere are tw ways of inducing a prestressing force to 
a member. Tney are 

(1 ) Post— teasioning ’ (2) Pretensioning. 

In case of post tensioning, concrete is cast vMle there 
is no stress in the tendm \Ahile keeping it free from bend with 
concrete, then the concrete has hardened, the tendons are stretched 
by hydraulic or mechanical jacks bearing against the concrete* Ihe 
tendon force is transfered to the member through necessary anchorage 
^^edges or similar blocks at the end of the member. 

Pre-tensioning is obtained by stressing the tendons in 
position, to a predetermined amount and placing the concrete in 
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position 'Aile maintaining the stress in the tendons through an 
external force system. As the concrete hardens, the tensioned terxims 
are bonded | vhen the tendons are released from the external jacks, 
they mil try to regain their original length. The concrete, as a 
result, is stressed. Thus the bond developed between steel and concrete 
transfers the prestressing force to the concrete. The mechanism of bond 
transfer is explained in Section 1.5. 

In practice, in pretensioning systems, a number of tendons 
are required for transfering the prestressing force. These tendons are 
tensioned through hydraulic j acks and the strain is maintained during 
curing. Vben concrete has attained its transfer strength, the tendons 
are cut so as to transfer the prestressing force to the concrete. 

As soon as the tendons are cut, the tendons try to pull in. After a small 
amount of pull-in, it stabilizes and the load in the tensioned tendcn 
is impajcted to the concrete. In practice, it is quite possible that 
feiw tendons may have pulled in more as compared v;ith the other tendons, 
thus depicting only parti ^ bond between steel and concrete for these 
tendons, Tliis may be because of poor compaction or formation of a 
void around the tendcn. Such a tendon will not share the same load 
as compared to other tendons and may fail prematurely in bond under 
repeated loads. 

The present study is thus aimed at the behaviour of such 
tendons under pulsating loads. Further, a study is also made to 
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strengthen the bond character by a raachanism consisting of secondary 
anchorage, for the present investigation, seven-mra strand of 6.35iirn. 
dia. are used, the specifications of vhich are given in Table 1*1. 

Ihe work involves in sijbj acting the strand, enibedded in 
concrete i*d.th different bond lengths, to repeated loads mth the 
help of a hinged beam mechanism. Since the investigation is aimed 
at s'fcudying the bond behaviour of a single strand under repeated 
loads, it is necessary to design an arrangement vhich would transmit 
the repeatec: loads to the strand, without disturbing the bond length 
by formation of cracks and also to be safe in crushing, shear etc. 
For this an ideal solution is a hinged beam mechanism viiich 
the above purple. The design of the hingodbeam is given in /ippendix 
A. The secondary anchorage arrangement used to improve the bond 
performance, consisted of a v-asher and a nut welded to two free ends 
of the strands. 

In general, structures are subjected to dead loads, 
superimposed loads, live loads and occasioaal peak loads. Dead loads 
are more or less permanent loads while : live loads are repetitive 
in nature. In a laboratory the repetitive loads can be simulated by 
applying variable pulsating load at certain frequoacy ivith the 
help of a pulsator. Thus, we have two load bonds viz. upper bond and 
lover bond. The selection of the bonds is given in section (3.6.2). 
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For a real life structure it is said that it would be 
subjected to a maximum of one nillion cycles in its lifespan. Moreover, 
the real life structures are subjected to a comparatively loi*; frequency. 
The experiment had to be conducted at such a frequency so as to 
miniriz-ethe time required. 

The present investigation, to study the bond behaviour of 
strands, is, hence, formulated as follows, 

(A) PULL CUT TEST S 

Determination of average bond strength of 6.35 mm ( 1/4 inch) 
strand from pull out test, the only variable being the bond length. 

(B ) HINGED BEAM TEST yjITH AID VJITHOUT SECCNDj\RY ^^CHOFcAGEs 

(i) Behaviour cf beams, for ultimate strength, by static tests, 
(ii ) Behaviour of beams iihen subjected to pulsating load vath 
regard to free end slip of strand. 

(iii ) Determination of ultimate bond strength of strand by 

static test of beam after subjecting them to pulsating 
loads upto abcut one million cycles.' 

(iv) Corapaiision betvi/een static flexural bond strength and post 
pulsating bond strength. 

(v ) Deterrainaticn of locd-defiection, defection - cycle 

behaviour during beam tests under static and pulsating 
load conditions. 
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(vi ) Effect of secondary anchorage on static and pulsating 
loads. 

In the present investigation, bond studies are dene on 
untensicned strands. It is assumed that once the general slip occurs, 
the frictional resistance, in the transfer zone, i^hich is caused by 
the radial pressure (H‘. yer effect), is reduced and mechanical 
resistance on the helical surface is the main factor vhich contributes 
to bend betvjeen concrete and the sti'and. The bond behaviour of 
tensioned strand would be better v4ien compared vd-th untensicneo strand 
because of Moyer effect in the transfer zone. The untensioned, 
strands would, thus, give conservative values. 
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OijgTER II 
PULL - CUT TEST 

2.1 s INTPOUCTION i 

One of the aims of this investigation is to determine the 
bond hdiaviour of seven-vdre strand under static and pulsating load 
conditions. In beam test, embedment length is to be varied and for 
this, a primary knowledge on the average bond length is required. To 
get an idea about the bond strength, some preliminary tests had to be 
carried out "nd for this the easiest v;ould be a simple pull-out test. 
Pull-out test results vrauld give an idea about the average bond 
strength that could be used in designing stranis as bonded reinforcement 
for lifting handles, junction connectors, etc. It is also helpful in 
understanding the bond behaviour of strand under simple tension. 

For preliminary test, the following experiments were 

conducted s 

(i ) Tensile strength of strand. 

(ii) Pull-out test, . 

2.2 a TEST SPECIfiBli 

2.2.1 Testing of Strand s 

Ihe strand used for the entire investigation was a seven-wire 
strand with nominal diameter of 6.35 mm. Two specimen^ of gauge 
length 194 nan aid 203 mm^ wete taken aid the tensile strengths of 
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the strands VBre determined by Instrcn, tensile testing machine,which 
plotted the load versus strain autonatically. Ihe stress-strain 
curve of one specimen is given in Fig, 2.1. 

2.2.2 s Pull-out specimen; 

15 pull-out specimens with varying bond length as detailed 
belov; were used 

Bond length Number of specimens 

95 diameter 3 

. 118 diameter 6 

140 diameter 6 

The details of pull-out specimens and the moulds used for 

casting the specimens are shown in Fig,2,2, 

The mould to cast these specimens consisted of 3 ' wooden 

platforms cn which two specimens were cast. To this wooden platform 

3 cast iron cylinders, the ones used for cylinder tests, were fixed 

one over another with the help of two 10' nan reds. At the centre 

of this cylindrical arrangement, a hole was drilled in the wooden 

platform so as to pass a nut, which was welded to the strand to 

faciliate the fixing of dial gauge while carrying out the pull-out 
of 

test, Cn the top/this arrangement, a frame was clamped to the cylinder, 

so as to keep the strand, as frr as possible, straight with the help 

of spring arrangement. Hie details of this arrangonent is shown in 

two 

Fig.2.2. To previde a bonded length of 95 diameters, 3 usi^cylinders 
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were sufficient. For providing 140 bcsnded length, all the three 
cylinders i*ero used and for 118 bonded length specimen, three 
cylinders ivere used and the strand v/as covered with a polythene tube 
for a portion so as to give the required bonded length. Spiral re- 
inforcement made from 6 mm bar v/as provided in the pull-out specimen 
at a pitch of 30 mm for a distance of 300 mm from the top. This v/as 
provided so as to avoid any tensile cracks vhile carrying out the 
pull-out test. 

2.2.3* Basic Materials * 

Ihe specimens were cast vdth concrete consisting of 12 rm 
and 20 mm coarse grancSteaggregate and Kalpi Sand of F.M, = 2.7 and 
Fuzz ol ana cement. Concrete mix of lsO.5: 1,9, by weight, was used 
with an average v/ater cement ratio of 0.39, 

2.3 * CASTING A?0 CURING * 

2.3.1 V Casting of Specimen* 

Two moulds were fixed on one platform. This entire set 
was put on tv/o levelled steel girders so as to give some working 
space below the specimen. The inside of the mould v/as oiled and the 
strand and helical reinforcement inserted. Ihe strand was adjusted 
and given slight tension, so as to keep it straight and in the centre 
of the mould. 

The quantity of concrete for three specimens was mixed 
each time. The concrete was poured in the mould in different layers 
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ana carefully vibrated vdtli the help of a needle vibrator to ensure 
g ced c oripacticn. Hie nculds ’■Bra openc-ci and reiac/sd after twenty four 
hours. 

i/ith this arrongenant of "ioukl fer the pull-out specimens, 
the raaxiraura bond length prc/ided was 140 ^ . For reasons cf ksaping 
the strand straight and compaction, it vjculd have been difficult tc 
go for bond lengths raore than 140 

5 

2 .3.2 iCement Concrete Cubes? 

For each batch of null-ajt specimens, at least three cubes 
cf 150 rxi size v/ere cast alonavath viith the casting of pull-out specimens 
Ills cubes had been compared by the needle vibrator. 

2.3.3 2 Curing s 

Pull-out and cube moulds were opened after tvrenty four hours 
of casting and the specimen and cubes were put in -water till the time 
of testing, 

2.4 ? TEST SEI4UP AID INSIBUHEHTATIGn 

Pull-ajt test was performed on a universal testing machine. 

The specimen v'as kept on the top of the fixed cross head with the strand 
projecting down through the hole of the cross head, A plywood sheet, 

3 mm, thick, was. provided between the specimen and the top of cross head 
for uniform seating of' the specimen when under load. The projected end 
of the strand tvas gripped in the moving head such that a distance 
of 200 mm w'as maintained between the fixed head and the moving head. 
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The free end slip of the strand v;as measured with the help 
of n dial, gauge, the top of vhich rested over' a nut, which was welded 
to tl'^e i;op of the strand projecting from the specimen. The dial gauge 
was fixed to a steel frame atteche'- to the body cf the pull-out specimen 
by mesns of screv/s. Tne arrangement provided direct measurement of the 
free end slip indicated by the gauge readings. The pull to the strand 
v/as applied by the movement of the loiier cross' h6a.d. 

2.5 s TESTING PROCEDURE? 

2.5.1 t Tensile test of strand s 

Seven-v/ire strand of 6.^ imi nominal diameter, the properties 
of v^hich are given in Table 1.2, vras used for the entire investigation. 

The tensile specimens were tested by Instron, tensile testing machine. 

The strand was gripped to the jaws of the machine and it was ensured 
that the strand did not slip from the jaws when the load vjas applied. 

Two specimens of gauge length 203 mm and 194 ran were tested. The 
cross-head speed was adjusted to. 1 mny^min. The load versus extension 
is automatically plottad by the machine, for. which the chart speed was 
maintained at 20 mm/min. The result of the test in form of load-strain 
curve is shown in Fig.2.1 and t^ulated in Table 2.1. 

2,52s Compressive strength of concrete cubes s . 

Compressive test cn 150 nm size cubes was done by compression 
testing machine on the day of the testing of the specimen of jxill-out 
test of the same mixture. The cubes :iiere placed between platens of the 
machine and a gradually increasing load w®s applied. The ultimate load was 
noted. The cube test results are given in Table 2-2. 
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2.5.32 Pull-pjt Tests 

The pull-cut speciinen v;as fixed to the universal testing 
machine as described in section 2.4. The dial gauge fr-me was then 
fixed to the specimen, with the help of bolts, to which the gauge v^is 
fixed and adjusted to give the free end slip. Pull v?as slowly applied 
and the load correspcsnding to the first slip was noted. Tne load ivas 
subsequently increased in intervals of 100 kg. and the slip readings 
were taken at each interval and the ultimat e load was noted. The 
summary of pull-out test results given in Table 2.3 and the bond 
stress versus free end slip curves are plotted in Figures 2.3, 2.4 
and 2.5. The bond stress versus bond length is given in Fig. 2.6, 

2 .6 2 CBSSPl/ATIdl ON PULIL-OUT THST s 

(i ) Even after the general bond slip, there is a lot of 
stress transfer capacity in the specimen, which is 
evident frcsn the bond versus slip curves for the three 
types of specimens, 

(ii) In all the pull-out tests, the failure was due to bond 
slip and there was no cracking in any of the specimens, 
(iii ) Ultimate bond stress has an increasing tendency v/ith 
decrease in eirbedment length. 
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2.7 i Ca-CLUSIOMS ; 

(i ) Stress transfer occurs upto a slip of more than 7 m, 

(ii ) The ultinete bend strength decreases v/ith increase in the 
embedment length till the full bend length is embedded 
, (Fig. 2.7). 

(iii ) After the initial free end slip, a nonr-linaar load slip 
curve is obtained. 
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T.iBLE ; 2.3? FULL aJT TEST ’•fflH BO^'IDED LEr-JGUI 95 DIAJ/IETERS 


Speciriien j^Vercrie » Lead at | Ultimate | Bond stress 'Ultimate 

Designation Cube Strength J general bond t Load t at initial 'Bond 

J J slip \ I Bond slip | strength 


J ' "' I-'- 1 

• MPa I IcN '• kK 5 MPa JMPa 

I < U , { 

4 — -j 


Sj 


— 1 

30.5 

31.6 

2.534 

2.626 

’ 

32.0 

31.5 

33.0 

2.618 

2.742 

j 

1 

S 3 , 

Mix- I i 

i 

j 18.0 

t 

29.0 

1.495 

2.41 


T/BLE 2.4; PULL a?T TEST UIH! 30HDED LEM3IH 118 DIAMETER 


ir , 1 

Specimen 

designatioi 

f 

Average J 

cube strength < 

1 

\ 

t 

Load at 1 
general 
hand slip ' 

t 

* 

t 

Ultimate) 

Load • 

« 
t 

f 

T 

Bond stress 
at initial 
Bond slip 

1 

Ultimate 

Bond stress 



f 




MPa 

kil ’ 

kN 1 

MPa J 

MPs 

®1 

31.5 

17.0 

25.0 i 

1.137 

1.673 

% 

?tx-IV 

30.0 

35.5 

2.007 

2 . 373 . 

S 


27,0 

37.75 

1.806 

2.526 , 

3 

- - ■ . .. ,1 






' V ■ i 


20,0 

36.0 

i 

' 

1.338 

- 

2,408 


30.5 

15.0 ■ 

25.0 

1.004 

j 1.676 


! r^x-v 

1 

23.0 

i — — —— 

1 38.25 

r 

1.539 

1 2.559 

1 ' 
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TiSLE 2.5 s PULL OUT TEST yflTI Ba4D LB1G1K 140 Di;a-ETB]S 


ISpacimen jvVorage Lead at V^ltimate jBcnd^ stress .Bondt 

IDesignatrcn Icube strength unitial^ ; Lead , initial , ,str ^ 


Ibond slip i 


'.Bond slip 


1 

1 

MPa j 

t- 

i 

m ] 

. . 1. 

f 

KM 1 

t 

MPa ' 

ftPa 

^ 

% i 

32.5 

27,0 

36.0 1 

1,523 

2.03 

^2 

Mix-II 

23.0 

37 .5 

1,297 

2.12 

^3 


23.5 

39.75 

1.325 

. 

2.242 

^4 

30.2 



32.0 ! 

35.75 

1.805 

2.016 

1 

% 

1 5 

V ' ' 

22.5 

29.5 

! 

1.27 

1,665 

S 


• 19.0 

33.0 

1.073 

1.861 

6 
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TTOTP o.fi! AVERAGE V;UUE OF BQ-e SIRESS BY PULL CUT, TEST 


S.Uo, ^ Bonded 
\ Length 
I (Dia. ) 


1 

2 

3 


No. of t .Verage value 
Specinen ; of Bond stress 
. at initial bond 

\ 
t 


, Bond strength 


95 

118 

140 


* n 

I 

1 

MPa ; 

MPa : t 

i 

3 1 

. 

1 

2.21 

2.592 

6 

1.471 

2.202 

6 

1.^2 

1.99 I 


Load in IcN 







Bond stress C MPa ) 



Force in the strand C kN ) 



Bond stress (MPa) 



Slip in mm 


FIG. 2-5 BONDSTRESS VS.SLIP 
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Bond stress in mpo 
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O- Ir’gTER III 
E-^FERIMSUT.’X F R OG^ /] £-:£ 

3.1 s INTRCDUCTi aj; 

Tlia main ■••'Urposa of the present experimental investigation 
was to study the bond behovicur under puslating load for strands, vliich 
dovelopod only a partial bond ( or partial slip ) due to constructional 
prcbler.is. Also, to improve theimd-cuia-anchcrage behaviour of such 
strands, a secondary anchcrag'o device is used and ' stud iec’. 

Since the study is done for a strand v.hich has developed 
partial bond because of v-hich the boix! length may vary, different 
bonded lengths were ch'sen. For this investigation, two sets of beams 
having bonded lengths of 150 J2; and 175 JZJ without secondary anchorage 
were chosen. For studying the .affect of secondary anchorc;ge,a low 
embedded length of 140 ^ was chosen. 

3.2 i LIST OF TESTS ; 

Tlirao sets with different emb-edded lengths, i.e, nine 
beams, in all, ware tested. Tlae list of tests is given on page 33. 

3.3 s TEST SPECIMEI -i ; 

3.3.1 Design of the spocimen ? 

Tliere were nine, beams, singly reinf orced, 80 x 200 rr.i in 
section and each v/as reinforced v’.dth one seven-vare strand of 6.35 ran 
diameter. At the raid span of the 'oeara a mechanical hinge, shorn in 
Fig. 3.2, was fixed. This consisted of two V-b locks to hold a roller 
of 24 mn diameter and length equal to the width of the beam. The thick- 
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TESTS 



175 BONDED LH'IGTH 150 BQ-IDED LENGTH 140 JZ5 BCI'DED LHTGTH 


( 3 SPGCIHBIS B4,B5 A!© (3 SFECliEWS Bl,B2 ( 3 SPECIHEMS b7,B8 

B6) ,7!D B3 ) ."HD B9) 
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ness of been) section at nid spon v/?.s kept as 50 nin so that it did not 
f <?.il under compression due to’ the ultimate moment at that point. Hae 
projection of the strand at the two ends was kept about 35 mm anc’ a 
steel plate 30 x 20 m was v/alded at the tivo ends of the strand, so 
as to faciliate placing of dial gauges for slip measurement. The total 
length of the beam was 3500 aii and the effective span v/as 3270 ram. 

Shear reinforcement, in the form of tv^o 10 iiHii bars vath 6 mr.i stirrups 
at a spacing of 150 mn, was also provided. Details of the specimens 
and their reinforcements are shovffi in Fig,3.1» The details of the 
design, is aiven in Appendix A. 

3.3.2 s Basic fteterials s 

The specimens were cast with concrete consisting of 2Cmra 
and 12mm size coarse aggregates, Kalpi sand with a F.M. of 2.7 and 
Puzzolvona cement. Concrete mix used v/as lsC.9sl.9 by weight, v/ith an 
average water-cement ratio of 0,38. For each specimen, six 150 nm cubes 

, I , 

were cast, three of vhich v/ere tested after 28 days, vMle the other 
three v/ere tested on the day, the bean test v/as started as given in 
Table 3.1. The average cube strength for different specimen was as 
is given in Table 3,1. 

3.4? CASTING CURING ? 

3.4.1 ! lycing of moulds? 

For casting the beam specimen, two wooden moulds were made 
as shov/n in Fig.3.5« Ihe vertical sides of the mould were connecter’. v.ilh 
the horizontal sides by means of pocket screws, so that they can be 



35 


easily detached. The two v/ooden end— pieces had a horizontal cut with a 
central hole, in each, to enable the strand to pass. The l0A’'er piece was 
fixed to the nould v/ith tho help of screv/s. The horizoital cut was necessaxi 
in renoving the specimen easily. 

3.4.2 s Making of hinge s 

Tne hinge arrangement consisted of tivo V blocks and 24 m 
diameter roller holes v/ere made in the dMe locks to fix thai onto the 
struts en±)eddGd in the specimen. The hinge arrangement is as shown in 
Figures 3.2, 3.3 and 3.4. 

3.4.3 * Casting of the Specinen t 

The beam specimen vies cast in an invertec’ position, so as 
to facilitate in the placing of concrete and positioning of the strand, 
nie inner surface of the mould well oiled. The strand to be used, in the 
* beara was cut to size and cleaned. Before welding the two steel plates at 
the two ends, polythene tube, of required length was pulled over the 
strand so as to give the required bonded length. 

Tv/o holes, on. each plate (of thickness 5 mm) of size 
78 mrn X 50 m, were drilled and cvio struts, on each plate, were welded as 
shown in Figure 3.3. The mould was kept on a levelled platform. Grease 
was applied, on the surface of the roller and the ¥-blocks. The hinge 
arrangement, fixed vjith a plate on either side, ms kept in proper 
position and then shear reinforcament v/as positioned, Materials were 
mixed in one batch for one specimen for at cut 8 minutes. The conciete . 
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Vi/as placed in the raculds in saall quantities and thoroughly vibrated 
vdth a needle vibrator. Control specimens consisting of six 150 mn cubes 
were cast simultaneously. The top surface of the specimen and the cubes 
were made lev''el and an identification mark v,fas given. 

3.4.4 ° Second ary Anchorage ; 

For beams By, and Bg secondary anchorage system was 
provided as shorn in Figure 3.6. This consisted of a 3 ran thick steel 
plate I'vith a nut ivelcled to the projecting free end of the strand at each 
end of each beam. 

3.4.5 i Curing s 

After 24 hours of casting, the specimen v/as' taken out 
from the mould and was placed for curing. The hinge arrangement v/as 
taken out from the specimen leaving the plates v/ith struts e’^deedded in ; 
the concrete. Ihen the specimen was covered v-ith damp gunny bags. 

The gunny bags v/ere kept damp for 27 days. Ihe control cubes v;ere also 
cured under similar conditions. Casting schedule, specimen designaticn 
and cube test results are given in Table 3.1. 

3 .5 ? TEST SET UP WD IMSTPUIIB-IT.ITICH t 
3.5.1 s Test Set up s 

The general arrangement of the test set-up is shown in 
Figure 3.7. The dirnonsional details of ihe test set-up are given in 
Figure 3.7. The specimen v/as tested as a beam, supportec! ,on roller 
bearings, lie effective span for all the specimens was 3270 mr.i. One end 
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of the specimen was a hinged support and the other was a simple roller 
support in 020 ’ex to al loiv horizontal movement of the specimen along that 
direction. Two point loading was applied to tlie beam vdth the help of 
40 IcH (4 ton) jack monitored by a pulsator. The jack was fixed to the 
test frame, the test frame being securely fixed to the structure floor. 
Loading vfas attained through a reaction girder and was applied to the beam 
through two steal rollers of 40 mm diameter. Those rollers rested over a 
5 mm plate idiich^in turn, I’.'ere fixed to the beam mth the help of plaster 
of Paris. In order to prevent undesirable vibrations of the test frame, 
four tie rods v/ere provided and v;ere tightened frequently to arrest 
vibrations, if any. 

3.5.2 i I nstrumentation ; 

Hie free end slip vras measured path the help of a dial 
gauge, the tip of vhich touched the surface of the steel plate, vielded 
to the strand projecting' from the specimen. The dial gauge was fixed 
to the steel frame, I'iiich, in turn, was attach ec’ to the specimen by means 
of four screvi/s. This sort of arrangement, used for static as well as 
dynamic tests, provided direct m'iasurement of free end slip as indicated 
by the gauge readings. 

For measureraent of vertical displacenentof the beam, 
tv/o dial gauges wre fixed at a distance of 720 ram from the supports. 
Fixing of dial gauge at the centre was not possible as the deflection was 
largo. Tho distance bat\'feen the centre of the hinge and centre of the 
strand was measured i/vith the help of a steel scale. 
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3.6; TESTING PRCCEDUaE ; 

3.6,1 s Tosting Prograrnrae; 

Static as v/all as pulsating loads v/ore applied through 
a 40 kN (4 ton) jack monitored by a pulsator unit. 

Tiere were three sets of beams v;ith three in each set. 

The bonded lengths provided for the throe sets 'Aere 175 ^ j 150 0 
and 140 + secondary anchorage. 

Two beams frcr.v set cna and one each from second and 
third sets were tested for static ultimate strength under moaotonically 
increasing load. The remaining specimens •.■■'ere s’jbj acted to a loading 
prograrm.e v^iich is as summarized below; 

(1 ) Two to three cycles of static loading before the' 
start of the pulsatirg load programne. 

(2) Pulsating load proc:ranrne - loads varying between 
a lower limit and an upper limit. 

(3) Sustained loading slightly less than the upper limit. 

(4 ) One cycle of static loading, monot or ic ally increasing 

upto failure, as a pose-pulsating load prograrnriie. 

3.6,2; Selection of Loads ; 

For determining the upper and lower load limits, static 
test OT ono' of the specimens from a given set vjbs conducted. Ihe ultimate 
bond strength of the bear.i and behaviour of the slip was noted. A load 
slightly I’ess than the load thar v/ould start the initial free end slip 
in the static beam was selected as the upper lo^ limit. The loiver load 
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limit v.;as fixed by takir^ into consideration the pulsator constraints, 
the range of load fluctuation and tlis stalaility of the specimen. 

3.6.3J S tatic and Pulsating load tost i 

Spocira-ans El, BS, and p7 ware subjected to static 
load Vihile BS, B5, B6, BS and E9 vere. subjocted tc pulsating load. The 
upper and lower load limits for different be?ns is given, in Table 4.3, 
(a) STATIC TEST ; 

The necessary instrument at’ on was done after placing 
the specimen in proper position and an initial load of 2 % of jack 
capacity v/as applied and then released to zero. After some time, zero 
reference of the dial gauge readings and the distance between roller 
and the strand wore reco^rded. Tnen the load v;as applied vdth increments 
of 2 % of the jack capacity. At each increment, the dial gauge readings, 
for determining free end slip and vertical deflections, were taken. 

The load was increased ’until the beam ultinatoly failed, 

(1= )PRE~PULSATING LOAD TEST ? 

Tie sp..'cimons were non otonic ally loaded upto the upper 
loaCi limit, which v/as dotormined by static load test as described in 
section 3.6.2, The load vfas then released at. interval of 2,^^ of the jack 
capacity to zero and readings for deflection and free end slip, if any, 
v/ore taken. This cycle ivas repeated again, then the load was again 
increased, upto the upper load limit after rhich pulsating load v/ds- 
applied. 



(c ) SUSTAII-IED LO'^ING: 


A load slightly less than the upper load linit was 
applied for about ten ninutes and the free- end slip ’/as noted. 

(d) PULSATING A^D POST-PULSATIMG TEST ; 

Pulsating load on different specirnens in the form 
of upner and lower load limits, v/ere applie"' at an average frequency 
of 400 cycles per minute for 6 to 7 hours a day. The load levels for 
different specimens vere released of all oxtornal loads for about 16 hours. 
Tleis type of lo/’ding ’'/as continued for about one million cycles and the 
amount and behaviour of slip noted. Ihe fatigue effect produced by 
accelerated fequency was niniiaized by allowing a relaxation in loading 
for 16 hours. 

After application of one million cycles of load, * 
monotonically increasing static load was applied to the specimon uptili 
failure and tho deflection and the slip i’/ere notec"!. 
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CHAPim - IV 


CBSaRVATIG-IS DISCUSS imS 

4.1 ? IMIHCDIJCTICNs 

• During the entire investigation, three types of tests viz., 

(l) Pull out test (ii ) Bearn tests, v/ith and vdthout secondary anchorage, 
under static load and (iii ) Beafn tests, vnth and vdthout secondary 
anchorage under pulsating loads, ivere under taken to- study the bend 
behaviour of ssven-v\dr3 strands. fttlL-out tests were done for diff'erent 
embed; '.ent lengths and so v.ere the beam tests under static and pulsating 
load conditi ns. Ihe loading conditions for these tests vrere different* 
In thi s chapter, the bond behaviour of seven-wire strands has bean 
’studied vdth regard to different tents under taken. 

4.2s Pull-ojt tests ^ 

Pull-out tests were done for three sets of eirfoedment lengths 
viz., 95 0 , 118 ^ and 140 Initial bond slip at free end, increase 
in Hoad with slip and ultimate loads wore observeeJ for all the 
specimens. 

The average bond strength at initial slip and ultimate slip 
are given in Table 4.1. Even after initial free end slip, an increase 
in bond strength was' exhibited. Strands subjected to gxaiually applied 
load produce a non-linesor loai-si.ip curve after the initial free arw 
slip. The helical surface of the strand provides sane mechanical 
interlocking. Also, as the s'trarKi elongates, the pitch of the strarri 
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changes with respect to the surrounding impression on the concrete, 
thus, causing increased normal and frictional forces 5 «hich more than 
compensate for the effect of radial contribution associated with the 
elongation of the strand, Vhen the strand is unloaded the frictional 
forces reverse themselves, thus, producing permanent deformation. 
Because of this, there was no recovery in the free end slip. 

From Fig, 2« 6 » a plot between bend strength and enfoedment 

length, it is clear that ull.imate bond strength decreases with increase 
in embedment length. This is due to the fact that in pull-out test 

I 

a high bond stress is developed near the pulling ends, vshich gradually 
reduces to zero at the free end for longer sifcedment lenths while 
for shorter embedment lengths this decrease is not that gradual. 

Thus shorter en&edment lengths show higher average bond strength as 
compared to average bond strength of longer embedment lengths. 

A lovBT bond relationship betvjeen embedment length and 
stress in steel at initial free and slip, fr can Fig. 4,1, is derived 
and is as follows, 

CTs =1.2Lg-240 (4.1) 

where cg is the limit of stress in steel be' sed an slip in n/he? and 

L is the embedment length of strand in ran. 

e 

The above equation can be used for selecting an anbedment 

length required for a particular strand, vhen eirbeded straight, under 

slip 

untensioned condition. The initial free end^condition provides a 
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conservativvo Icv/er bound eetimate for the ultinats capacity of 
eml-^eclded un tensioned strand. 

4 .3 $ - Static Test on Beams i 

So as to select the upper load for pulsating tests and to 
compare the ultimate capacities after pulsating, it was necessary to 
conduct the static tests. In the first set, three beams having 
bounded length of 150 /5 , tvjc beams, B1 and B3, vrere tested under static 
load conditiens. Both the specimens failed by band slip. The stress in 
the strand, for the tv;o beams, at initial free and slip was 51 and 
52*4% of the proof stress viiile at total slip failure the stress in the 
strand was nearly equal to the proof stress. The maximum slip’ was Sm 
and 6.4nm, resnectively. 

Beams Bi eand B7 from set two and set three viexe also tested 
under static loads. having a bonded lengtti of 175 / 5 , failed by bond 
slip, the initial free end slip taking place when the stress in the 
strand was of proof stress ^vith corresponding bend stress as 
At the ultimate slip the stress in the strand was nearly equal to the 
ultimate stress of the strand, the bond strength being 1.8 times the 
initial band stress. Beam B7 haa a bonded length of 140 ^ and was 
provided with secondary anchorage. In tidis case, the failures was due 
to yielding of the strand. 

Table 4^2 gives a critical review of ultimate bond capacities 
of beam specimens and its relation witin inti tal free end slip. Bond 
stress vs> free end slip are plotted in Fig .4. 2 and Fig.4«3 and load - 



deflection curves for B1 and B2 are plotted in Fig .4.4. 

4.4 ’ Pulsating Load Testt 

In pulsating load test, upper load was taken slightly less 
than the load vhich caused the initial free end slip in static load 
tests. The lower load was chosen after taking into account the raachj^g 
and load fluctuation constraints. It v/as proposed to subject the beam 
to one million cycles in order to study the bond behaviour. 

In the first set, iviUi bonded length of 150 one beam, 

B2, v/as tested under pulsating loads keeping upper load cassing bond 

stressac 1.15 fiPa and loi*er loac causing _ bond stress re 0.86 iviPa, 

I'hile the corresponding stress in the strand was 55 and 42^ of the 

proof stress. In about 25000 cycles the free end slip cn the right 

end v/as 10.4mm and the pulsating loads v;ere stopped, the beam, 

was then, tested for ultimate strength. 

having 

Ofi the second set £ three beams with bonded length of 
175 jzf, two berms, B5 and B6, were tested under pulsating loads. 

The upper and lov/er loads were chosen so as to give a bond stress 
of 1,1 iiPa and 0.76 l'.IPa, respectively. The corresponding stress in 
the strand was 56 and 42;^ of the proof stress. The beams were 
subjected upto one million cycles and the free end slip, central 
deflection and recovery were observed. . 



a 


TI'.o thirxl sot, havr-nn 


bcnda! length of l-'-O ^ ves prcx'ided 


v;ith 3 socondsao/ anchor^o at the tv?o free ends. Tv;o bc-ans, 33 and 
B9,'’-'ore teste"’ under pulsatinr loads. Hao stresses in the strand for 
upper arxl lovier leads vero 68% end 82% of the proof stress. 

'liao details of the pulsating tests arc- given in Table 4.3. 
Free end slip vs, nur.iber of cycles curves are shcv;n in Fig. 4. 7 and 
Fig. 4. 12. Hhile the cumulative central deflectir.n vs nu'-T.’?er of cycles 
are shown in Fig.4.8 to Fic'.4.12. 

'IjiS. * Post - Ful sating Tests s 

All be eras subjected to nuisatinc tests v/gtcg tested for 
ultimate strength. Tio test results fo?: these becras are plotted a;S 
bond stjress vs free end slip and are given in Flg.4.13 to Fig. 4. 15 
and plots of jack load Vs central deflection are niven in Fig.4.16 to 
Fig. '•.20. 

Pile stresses in the strands at failure under static load 
test caiae out to be 1712 MPa, 18CG MPa aJid 1SC5' MPa respectively for 
beams with bonded lengths 150 ITF- ^ and 1-40 vith secondary 
anchor ago.. Bond stress and stress in the stand at unnei' and lov-cr 
load limits are given in Table 4.3. 

It can be seen, for sets one and l?/o, fran the bonrl stress 
vs free end slip curves and Jack load v s defloeti''"n curves, that due to 
the application of load cycles, tlie ultiraate bend capacit’/ and hence 
the ultimate capacity of the beam tend to decrease. Also, it has been 
found that due to pulsating load, the strand has acquired a paruanent 
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free end slip from zero load to upper load. There is no recovery of 
this slip I'iien the load is brought down to zero. 

It v/as doserved that the free end slip under fxilsating lo=d 
took place in jerks and was not coitinucus. During post-pulsating 
static load the strand reveals some stress - transfer capacity although 
the rate of increase in the free end slip is quite rapid with the 
aoplication of load above the upper bound load, 

Fran the free end slip vs number of load cycle curves, for 
set two, it is found that the rato of increase in free end slip ' 
increase in nuinloer of cycles is ci'ite rapid upto 0.3 million load cycles 
and then increases gradaully. 

A’ 1 the beams provided vath secondary anchorage failed due 
to yielding of the strand. Unere ms practically no change in the 
ultimate capacity of the beams due to pulsating loads. 

In pulsating tests, cumulative control deflecticn depends on 
the extension of the unboided poition, cumulative free end slip, straigh- 
tening ' and adjustmait of the strand. In case of beams v/ithout 
secondary anchorage, cumulative deflection increases at a faster rate 
in the begiming and then has a gradual increase. Similar is the behaviour 
of cumulative free end slip with respect to number of load cycles. 

For beams with secondary anchorage, cunwlative . 
deflection increases in the beginning, vhich is because of the 
adjustment of secorrfary anch dreg e, straightening and adjustment of 
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the strand, <\fter about 0,40 ram load cycles the central deflection 
increases very gradually and tlends to becane constant. 


Ti©LE 4.1s BOND STRENGTH DET/JLS UI'JDffi PULL-CUT TEST 



Bonded 
length 
(Dia, ) 

Average 
ultimate 
bond strength 
(JiPa) 

Averse 
bond stress 
in initial 
slip (MPa ) 

Ratio of 
(c ) to (d ) 

Ratio of 
(d ) to (c } 

a 

b 

c 

"d 

,e ' ■ 

f 

1 

95 

2.592 

2.216 

1,17 

0.85 

2 

118 

2.202 

1.471 

1.49 

0.67 

3 

140 

1.987 

1.382 

1.44 

0.69 


TjffiLE 4.2: BOND SIRENGIH DETAILS UNDm STATIC BE/Ji TEST 


S*No* 

Beam 

No. 

Bonded 

length 

(Dia. 

Stress 
in the 
) strand 
at failure 
(kN) 

Ultimate Stress 
bond in the 

strength strand 
(llPa) at ini- 
tial slip 
(kN) 

Bord 
stress 
at ini- 
tial 
slip 
(MPa) 

Ratio 

of (e ) 
to (g) 

Ratio 
of (g ) 
to (e) 

a 

h 

c 

d 

e 

f 


h 

i 

1 

B-1 

150 

1746 

2.13 

872 

1.13 

1.885 

0.531 

2 

B-3 

150 

1691 

2.C5 

892 

1.07 

1,916 

0.522 

3 

B-4 

175 

1809 

1.89 

1006 

1.05 

1.800 

0.556 

4 

B-7 

140+ 

f.tech . 
/hch. 

1805 

- 

- 

- 

■- 

- 














TABLE 4.3S BOND SIHENGTH DETAILS UNDER PULSATMG LO/J) TESTS 






}Qck load p 


15 



stress In the strand MPa 











control 



Upp«r bound load 
Bond stress *MMF 




0 231 

'Zero load 


Bearn B6 

Bonded length 175 r 


1 


i 


^ ^ c 

Number of cycles xIO 





Cumylativ* ctntrol drf lectMsn {mm ) 


60 


120 


40 


/ 


/ 


U 

:/ 




Uppsr boynd lood 
Stress in the strand 
l163MPa 



Zero load 


Recovery 


Beam B 8 ’ 

Bonded length 140 <p 
with mech. anchorage 

i : t . — J 


0 


•2 


■4 


.8 


1.0 


Number of cycles x 10 
FIG.4.10 CUMULATIVE CENTRAL DEFLECTION VS. CYCLES 


Cumulativt control d«H«c 



Recovery 


jy ’ iay * 


Zero load 


Beam B 9 ^ 

bonded length 140 # 
with mech. anchorage 


Number of cyclesxlO 

FIG. 4.11 CUMULATIVE CENTRAL DEFLECTION VS 
NUMBER OF CYCLES 




Bsam i2 
Bondtd lioglh 
150 f 


riG.4.12 SLIP VS CYCLES FOR BEAM 82 


Ulfimott bond stress *!.83MPa 


FIG. 443 BONP STRESS VS. FREE END SLIP FOR 
BEAM 8 2 







Bond stftss In MPq 



Fr«e end slip (mm ) 

FIG. 4-1A BOND STRESS VS SLIP CURVE UNDER POST 
PULSATING STATIC LOAD 


Stress In the strand in MPa 


ond str«» tfi MPa 



Ultlmdtc bond stress 


|.64MPa 


Beam B5 

Bonded length 175 9 


Free end slip ( m m ) 

BOND STRESS VS. SLIP CURVE UNDER 
POST PULSATING STATIC LOAD 


Stress In the strand MPa 
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(NM)d Pt>OI 


Central defUclion in mm 

fig. 416 JACK LOAD VS. CENTRAL DEFLECTION- 



&Post pulsating 
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gWTER >■ V 
CCMCLUSICWS 

5,1 MNTRCDUCn OMi 

Bond behaviour of strands in prestressed concrete merisers 
depends oa a nur/foer of factors in v-hich method of caistruction plays 
' an important role. Sanetimes, due to defective consfecuctim or 
faracticel coistraints, the strands maty develop only partial bond 
due to iihich it may fail prematurely under pulsating loads. An 
attempt to study the bdifiviour of partially beaded strands under 
pulsating loads is made. • 

Ihe folloiving conclusiws can be drawn from the experimental 
investigati(Mi. 

5.2 ! PULL -CUT TEST ; 

(i ) Bond strength debases vdth increase in the enised'^ 

length. This is due to the fact that in pull-cut test 
Aidth longer eirbedment lengths, the high bond stress 
developied at the pulling end decreases gradually and 
tends to zexo at the free end. But fox specimens with 
shorter aibednent lengths the decrease in bond stress 
is not that gradual, thus shorter enfoednant lengths 
give higher average b aid strer^th. 

{ii } Even after initial slip, the bonded strand has some 
more capacity co transfer the force. The ratio of 
average bond strength to the average bond stress at 
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initial slip for specimens with embedment length as % 118 ^ 

and 140 jzf came out as 1.17j 1.49 and 1,44 respectively, ^-tien the failure 
is considered by total slip of the strand, the reserve bond strer^th 
of strands increases with ; increase ip the embedment lengitis. 

(iii) /in equation, for a strand of 6,35 mm dia (l/4 inch), 

Qubedded' straight, was derived to evaluate the stress in the strand for 
a given enibedment length and it is: 

“ 1.2 'rt- 240 Cs.l ) 

Tine above equation gives slightly lower values as coraparedwith i^>se 
V given by Salmons (10 ), 

5.3 : BEAJi TESTS : 

5.3.1 : STATIC LOm TEST; 

(i ) For beams with bonded length of 150 ^ and 175 ^ , 

the initial free end slip occured at a stress of 52^ 
and 59/0 of proof stress, respectively. 

(ii ) Hae average bord stress at initial free end slip for 
bonded length of 150 was 1.10 fPa vhile for bonded 
length of llo ^ it v/as 1,07 f.iPa, 

(iii) Tne stress in the strand at the tine of ultimate 
slip failure v/as about the s-'me as prc^f stress for 
beams vdth bore’ 'd lengths as 150 ^ and 175 
(iv ) Even though the strand vdtii eirfoedment length of 

150 jE? may have an initial slip, it can withstand 
a stress close to the proof stress before total slip. 
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5.3*2 


Slift ln goneral, «focts tha serviceability of the 
structcre.' Iherefore eniaedcent lengths in ihe range 
of 150 ti are not safe. In case of pretensione 
prestressed concrete beams, Hoyer effect i.s likely 
to have additional benefit vhen compared vath the 

' untensioied ones. 

(, ) specimen «lth boni^ length of 140 i and pr^ided 
with secondary anchorage failed due to yiel g 
the strand. 

5 pTTT T ESTS Ca:L Bg^' 

Free End Slip* 

(a) FOX bews with embedment length of 150 f!, me 

free end slip Increases vdth increase in nurier 
of low cycles, me cumlative slip was 10.4 mm. 

in about 25000 load cycles. 

(b ) For beams vath enfeednent length of 175 the 

f^nee ond slip increases vath increase in the 

nuiioer of load cycles. Hovaever, the rate of 
increase of slip in tho first 0.3 million load 
cycles is higher than that after 0.3 million 

icacE cycles. 

(,- ) The strands acquired permanent free end slips 

under fPlsating loads and there >«s no recovery of 
the slip at the release of loads. The free end 



1 in-’ds is discontinuous and 

slip under pulsating loo. 

c in icrks- after an arbitrary nur*er of cycles, 
occurs in jcrics ox 

'ii) cuimlative Deflections! 

( a ) ^ with e»be<)n,enl length ef 175 - 

Ihe cumulative deflection for 0.4 ndllion load 

' 0. . at a str^d stress of 960 v.as ahcut 

■ <;tatic deflection while for 

1,8 times the initial 

one million load cycles It »as 2.02. 

' (b ) Beams »th saoonda^ anchorage ard esjaedment 
lengths of 140 •“ 

The cumulative deflection for 0.4 million load 
cycles at a str^ stress of U63 1«>3 -= ^hont 
T. 4 ., times the irntial static deflection .1.110 
after one million load cycles It »as 1.53. 

(iii) Residual Deflection! 

(e, «1 ■oeaoas gave a residual deflection *en suMectod 

to t« cycles of static load upto upper load Umrt. 

In-vis the residual deflections 
(b ) Under pulsating lot » 

tncreased at a higher rat, for first 0.4 mUllcn 

load cycles, for beans .vith honied length of 175 i 

rn+h qerondary anchorage. The residual 
and beams iviih seconuaiy 

o^tabilized after 0.4 Dillion cycles 
deflection gets staom^':' 


in case 



(c ) For beams with bonded length 175 the 

relative residual deflection with respect to the 
initial deflection at the upper load was 0.22 
• arid far beams mih secorriary anchorage it was 

"'0.24. , , 

%e 3 :e ivas negligible recovery in the residual 
y?.!, ^ deflection a'fter the release of loais, 

fn- , i ’ 

) Fdt* beaiBS Vvdth bonded length of 150^ and 175 
the bond capacity of the beams tends to deteriorate 
due to the pulsating loads and the reduction in 
capacity was in the range of 10 to« ISJC* 

A nuraber of tendons are usually provided to impart 
a desired -prestressing force in a prestressed concrete 
beam. A tendon vhich has developed only a partial bend 
will slip- in cumulatively unler fxjlsating loais. Hence 
thsra v/ill be a decrease in the total prestressing force 


this reducing the load carryir^ capacity of the beam. 
This capacity goes on decreasing as the nuraber of cyclps 
increases. A prevision of secondary anchorage to a 
partially slipped strand eliminates bond failure of the 
strand. Thus the load carrying capacity is about tl*.. 
sane as that of a well bonded system. Hoi'/ever^ the 
deflection in such a beam will be more than that of a 
fully bended beara and can be called as a mixed pre- 
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tensioned and post-tensimed unbonded type of beam. 

5.3 s Post-.Pul sating Stati c.. l09d ' / 

After applioai^on -of .pul..a%i»^ load, cycles, the specin^n 

acquires a v permanent free end. slip^from zero to upper l.oad level. 

Howler, .the stress trensf or capacity doring 

post..puls®t^f "" 

"'Si''' Wi'lh.-th'e inc3roase-in tliCaload beyon 

thobe^s.»i«> seocndyy.anc crac,e 

■ was' unaff «“> ^ 
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Hinged beam mxe chosen so as to develop dixect tension o 
the strand. Slnoe in the present study bond was the nain pararnterPa 
hinged bessv'hich v,ould be safe In all other respect, vis. crushing 
and Shear /Sch"a'relf:.hen objected to two point loading as shossa 
in Fig.A.l, the moment developed will produce corapression on the hinge 


and tension in theptx.^i. hbment at the centre due to weight of beam 

- = 

and girder 


Ml = 


+ 


w ^ 

¥ 


{'bnent due to appliec’ Jack loaa 


i'L 


£ a 
2 


Total rncnent at the centre 


Mt = 


8 


Via 

“i“ + 2 


P a 


For equlibriun, 


■n-^exef orOjF - 


_ F-’ 


9 




Wa ^ P a ) 

-s- ) + — 


- A.1 



the teste on a paxticulax bears the values 
et 1, a, shd e..e noted. Ihe value otZ^epends on the load, P, 

• ^ v.„n FO- 1 tenslm in the strand can 

applies’ through thh 3 aok. From bQ..s.i, 

be c?lcul?,ted. 

■F the be^’ns were t^en as D - 200 mn, 
The dimensions of oH the oe-us. 

^ f rrushinq at the hing and shear 

B = 30rx-.. Ihe beam we cheokoo for crushing 

' t= Cne legged 6m dia stirmps at 150 mm c/c «re welde 
at the supports, Cne leggt-a 

r ,,w ba-s SO OS to provide extra precaution against shear, 
to two lOnBA oars so as uu hj- A 

+ cn ?s to qive a maximum of 220 p 

'The lengtli of the beam was taken so as g 

■I +' Tho different parameters in EQ. A.l. are 

embedment length .Ihe ciitterent- H 

F = Tension in the strand. 
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a = Shear Span, 

Effective 

L = j^pan of h’ n9®*-‘ tieaiTi 

g = Distance batv^een centre of hinge to centre of strand 

rr '^bigbt of beam* 

_ i.^reicht of qiixler* 

F = Load applied through the Jack, 

0 = diameter of strand. 
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